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1. 

CLP-ON CHARGING SYSTEM WITH 
VARABLE CHARGING RATES 

TECHNICAL FIELD 

The present disclosure relates generally to a charger for 
charging a battery of an electronic device. 

BACKGROUND 

Many electronic devices are battery operated and have 
rechargeable batteries. In many Such devices, the batteries are 
charged while in the device and thus, the electronic device 
also includes a charging system for charging the batteries. 
Different electronic devices have different current and volt 
age requirements and thus have different sizes of batteries. 
The number and size of battery determine the current required 
to charge the batteries of an electronic device. 
Some electronic devices include a USB port through which 

the batteries can be charged, by either connecting to a USB 
port of a computer system or to an AC/DC adapter connected 
to a wall outlet. 
Some electronic devices have a docking station, with con 

nectors for charging the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a charger in accor 
dance with one example embodiment of the present disclo 
Sure; 

FIG. 2 is a perspective view illustrating a charging system 
in accordance with one example embodiment of the present 
disclosure; 

FIG. 3 is a block diagram illustrating a charging system in 
accordance with one example embodiment of the present 
disclosure; 

FIG. 4 is a perspective view illustrating a charging clip in 
accordance with one example embodiment of the present 
disclosure; 

FIG. 5 is a block diagram illustrating an electronic device 
in accordance with one example embodiment of the present 
disclosure; 

FIG. 6 is a flowchart of a method in accordance with one 
example embodiment of the present disclosure; 

FIG. 7 is a block diagram illustrating a charger in accor 
dance with one example embodiment of the present disclo 
Sure; 

FIGS. 8(A) to 8(E) are schematic diagrams of a control 
module for the charger in accordance with one example 
embodiment of the present disclosure; 

FIGS. 9(A) to 9(C) are schematic diagrams of a control 
module for the charger in accordance with one example 
embodiment of the present disclosure; 

FIGS. 10(A) to 10(C) are schematic diagrams of a charging 
module in accordance with one example embodiment of the 
present disclosure; and 

FIGS. 11(A) to 11(C) are schematic diagrams of a conduc 
tive strip module in accordance with one example embodi 
ment of the present disclosure. 

Like reference numerals are used in the drawings to denote 
like elements and features. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Users often carry a number of electronic devices with 
rechargeable batteries. Each device may have different cur 
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2 
rent requirements for charging the batteries. It is inconvenient 
to have a multitude of charging systems, i.e., one for each 
electronic device. 
The present application proposes a system for charging a 

number of electronic devices that can adapt to the current 
requirements of each electronic device. The charging system 
is designed to charge electronic devices through a charging 
clip attached to the electronic device. The clip has a charging 
contact on an interior Surface and is clipped to the charger for 
charging. The charger has a structure with a plurality of 
charging strips. The more strips that are contacted by the 
charging contact of the charging clip, the more current that is 
Supplied to the electronic device for charging. Thus, for a 
device requiring more current, a larger clip is used. Non 
limiting examples of electronic devices that could be charged 
using embodiments of the charger disclosed herein include 
mobile electronic devices, mobile communication devices, 
personal digital assistants, tablet devices, e-readers, mobile 
telephones, MP3 players, portable music players, smart 
phones, dictation devices, and GPS devices. Some of elec 
tronic devices may be handheld, that is, sized and shaped to be 
held or carried in a human hand. In some circumstances, a 
battery of an electronic device may be deemed handheld, even 
if the electronic device is not. 

In one aspect of the present invention there is provided a 
charger for charging a battery of an electronic device having 
a charging clip, the charger comprising: a direct current 
Source: a structure having an edge onto which the charging 
clip can be clipped; and a plurality of conductive Strips dis 
posed on the structure, the conductive strips running perpen 
dicular to the edge Sufficiently close to the edge to engage a 
charging contact on the charging clip when clipped to the 
structure and each conductive Strip electrically connectable to 
the direct current source. 

In another aspect of the present invention there is provided 
a charging system for charging a battery of an electronic 
device, the charging System comprising: a charging clip 
attachable to the electronic device and including a charging 
contact on one interior Surface of the clip connectable to a 
charging connection on the electronic device; and a charger 
including: a direct current source; a structure having an edge 
onto which the charging clip can be clipped; and a plurality of 
conductive strips disposed on the structure, the conductive 
strips running perpendicular to the edge Sufficiently close to 
the edge to engage the charging contact on the charging clip 
when clipped to the structure and each conductive strip elec 
trically connectable to the direct current source. 

In another aspect of the present invention there is provided 
a method for charging a battery in an electronic device, the 
method comprising: detecting that a charging clip is engaged 
on an edge of a structure comprising a plurality of conductive 
strips running perpendicular to the edge Sufficiently close to 
the edge to engage a charging contact on the charging clip 
when clipped to the structure; and applying a positive charge 
to any of the conductive strips contacted by the charging 
COntact. 

Referring now to FIG. 1, an example embodiment of a 
charger 100 will now be described. The charger 100 is for 
charging a battery of an electronic device having a charging 
clip. The charger 100 comprises a direct current source 110 
and a structure 120 having an edge onto which the charging 
clip can be clipped. A plurality of conductive strips 130 is 
disposed on the structure 120. The conductive strips run per 
pendicular to the edge Sufficiently close to the edge to engage 
a charging contact on the charging clip when clipped to the 
structure. Each conductive strip 130 is electrically connect 
able to the direct current source 110. 
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A perspective view of an example embodiment of the 
charger 100 with two electronic devices 210 and 220 is shown 
in FIG. 2. The Structure 120 of the embodiment of FIG. 2 is 
planar and is Supported at a lower edge 124 by a Support 
structure 140. In some embodiments, the structure is a printed 
circuit board. The conductive strips 130 of the embodiment of 
FIG. 2 run from an upper edge 122, onto which the electronic 
devices 210 and 220 clip to the lower edge of the structure 120 
and are all of the same size and parallel (geometrically or 
physically parallel, not necessarily electrically connected in 
parallel) to each other. Device 210 has a clip 212 sized to 
engage two conductive strips 130 when clipped to the upper 
edge of the structure 120. Device 220 has a clip 222 sized to 
engage four conductive strips 130 when clipped to the upper 
edge of the structure 120. 

In some embodiments, the support structure 140 houses the 
DC source 110. In some embodiments, the support structure 
includes an AC/DC adapter for connecting to a wall outlet that 
Supplies AC (Alternating Current). 

It is to be understood that the charger 100 is not limited to 
the embodiment shown in FIG. 2. In some embodiments, the 
structure includes grooves, slots, curves or protrusions and 
the clips 212 and 222 have a corresponding shape So as to 
guide the clips into a position that ensures engagement with 
an appropriate number of conductive strips 130. 

In some embodiments, the conductive strips are partially 
covered by the structure 120 and only exposed where the clips 
engage the structure. It is also to be understood that the 
conductive strips are not limited to the shape shown in FIG. 2. 
Any feasible shape can be adopted. 

In some embodiments, the conductive strips are electri 
cally connected to each other in parallel. Components elec 
trically connected in parallel may be, but need not be, physi 
cally parallel to one another. As used herein, components are 
electrically connected in parallel when they bridge the same 
Voltage drop (that is, they are in a strict electrically parallel 
configuration) or Substantially the same Voltage drop (that is, 
they behave substantially like components in a strict electri 
cally parallel configuration). 

In some embodiments of the charger 100, each conductive 
strip is connectable to the direct current source through a 
Switch. In this manner, current can be applied to any conduc 
tive strip in contact with a charging clip by closing the Switch 
for that conductive strip. 

In some embodiments, each conductive Strip is connect 
able to ground and the direct current source through one or 
more Switches. In some embodiments a single pole, double 
throw analog Switch is used. In some embodiments there are 
conductive strips on opposing sides of the structure. In some 
embodiments, the Switches connect conductive strips in con 
tact with a charging contact of a clip to the DC Source and 
conductive strips in contact with a negative contact or ground 
on the clip to ground. In some embodiments, the Switches are 
controlled by a controller. 

In some embodiments, the structure comprises a first side 
and a second side opposing the first side and each of the first 
side and the second side has an equal number of the conduc 
tive strips located thereon. In some embodiments, the struc 
ture comprises a first side and a second side opposing the first 
side, the first side comprising the plurality of conductive 
strips and the second side comprising one or more conductive 
contacts connectable to ground. 

In some embodiments, a pair of the conductive strips com 
prises a first conductive strip on the first side and a second 
conductive strip on the second side directly opposite the first 
conductive strip and the first conductive strip and the second 
conductive strip are each connected to a Switch Such that the 
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4 
first conductive strip is connected to ground whenever the 
second conductive strip is connected to the direct current 
Source. In some embodiments, the conductive strips on one 
side of the structure alternate between ground and positive 
and the charging clip has corresponding alternating strips on 
one interior Surface. 

In some embodiments, the charger includes a conductive 
contact connectable to ground positioned to engage a ground 
contact on the charging clip. In some embodiments, the con 
ductive contact connectable to ground is on a side opposite 
the conductive strips. In other embodiments, the conductive 
contact connectable to ground is along the upper edge 122 of 
the structure 120. In some embodiments, for each conductive 
strip, there is a corresponding conductive contact connectable 
to ground. In some embodiments, for each conductive strip, 
there is a corresponding second conductive strip configured 
Such that when one of the two conductive strips is connected 
to ground, the other of the two conductive strips is connected 
to the direct current source. 

In some embodiments, the charger includes a controller 
configured to detect a polarity of the charger clip when 
engaged on the edge in contact with at least one of the con 
ductive strips and to match the polarity of the at least one of 
the conductive strips to the polarity of the charging clip. In 
Some embodiments, a sensor detects the polarity and sends a 
signal indicating the polarity to the controller. In some 
embodiments, the charger includes a sensor to detect a polar 
ity of a contact engaged with at least one of the conductive 
strips and a controller to instruct the at least one conductive 
Switch to connect to ground if the contact is negative and to 
the direct current source if the contact is positive. 

In some embodiments, the direct current source comprises 
an AC/DC (Alternating Current/Direct Current) adapter. 

Referring to FIG. 3, a charging system 300 will now be 
described. The charging system 300 is charging a battery of 
an electronic device and comprises a charging clip 310 and a 
charger 100. The charging clip 310 is attachable to the elec 
tronic device. The charging clip 310 includes a charging 
contact 312 on one interior surface of the clip connectable to 
a charging connection on the electronic device; and a charger 
100 including: a direct current source 110; a structure 120 
having an edge 122 onto which the charging clip can be 
clipped; and a plurality of conductive strips 130 disposed on 
the structure, the conductive strips running perpendicular to 
the edge Sufficiently close to the edge to engage the charging 
contact on the charging clip when clipped to the structure and 
each conductive strip electrically connectable to the direct 
Current SOurce. 

In some embodiments, the charging clip further comprises 
a negative contact and the charger comprises at least one 
conductive contact connectable to ground positioned to 
engage the negative contact when the charging clip is engaged 
on the edge. 

In some embodiments, the charger further comprises a 
controller configured to detect a polarity of the charger clip 
when engaged on the edge in contact with at least one of the 
conductive strips and to match the polarity of the at least one 
of the conductive strips to the polarity of the charging clip. 

Referring to FIG. 4, an embodiment of the charging clip 
310 will be described. The charging clip 310 in this embodi 
ment has one charging contact 312 that extends across the 
width of on interior Surface of the clip. The charging contact 
312 is connectable electrically to the positive terminal of a 
battery of an electronic device onto which the charging clip is 
attachable. The charging clip 310 of the embodiment of FIG. 
4 also comprises a negative contact 314 that extends the width 
of an interior surface of the charging clip 310 facing the 
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charging contact 312. The negative contact is connectable 
electrically to the negative terminal of the battery when the 
charging clip is attached to the electronic device. Although 
not shown in FIG. 4, the charging clip 310 may include any 
kind of mechanical apparatus or structure (such as a spring or 
a hook or a textured Surface) to assist with attaching the 
charging clip to an electronic device or engaging the charging 
clip with a charger. It is to be understood that the embodiment 
of the charging clip shown in FIG. 4 is one example embodi 
ment and other configurations are feasible. For example, the 
charging contact 312 can comprise a plurality of conductive 
strips. 

FIG. 5 is a block diagram of an electronic device 500 with 
the charging clip 310 installed thereon. The charging contact 
312 of the charging clip 310 is connectable to a battery 510 of 
the electronic device 500. Examples of the battery 510 
include, but are not limited to Lithium Ion or Lithium Poly 
mer batteries which all are rated for 4.2V DC, with a size in 
mA/hour anywhere from 900 to 1500, generic Lithium Ion 
and Lithium Polymer batteries that operate up to 4.2V and can 
range in capacity anywhere from 100 mA/h to 1000 mA/h, 
and Lithium Polymer batteries operating at 4.2V and with a 
capacity from 100 mA/h to 250 mA/h. Non-limiting 
examples of the electronic device 500 include mobile elec 
tronic devices, mobile communication devices, personal digi 
tal assistants, tablet devices, e-readers, mobile telephones, 
MP3 players, portable music players, Smartphones, dictation 
devices, GPS devices and wireless electronic accessories, 
such as earbuds, headphones and BluetoothTM enabled 
devices. 

Referring now to FIG. 6, a method for charging a battery in 
an electronic device will be described. The method comprises 
a first action 610 of detecting that a charging clip is engaged 
on an edge of a structure comprising a plurality of conductive 
strips running perpendicular to the edge Sufficiently close to 
the edge to engage a charging contact on the charging clip 
when clipped to the structure. Then at action 620, the method 
continues with applying a positive charge to any of the con 
ductive strips contacted by the charging contact. 

In some embodiments, the method further comprises 
detecting the polarity of the charging clip and connecting any 
conductive strips in contact with a negative contact or ground 
on the charging clip to ground. 

In some embodiments, the method further comprises 
detecting the polarity of a portion of the charging clip and 
signalling a Switch connected to at least one conductive Strip 
in contact with the portion to connect the at least one conduc 
tive strip to ground or the direct current source Such that the at 
least one conductive strip matches the polarity of the portion 
of the charging clip. 

It is to be understood that the actions of the methods are not 
limited to the order in which they are described are can be 
performed in any feasible order. 

Referring now to FIG. 7, control circuitry for an embodi 
ment of a charger 700 will now be described. A first controller 
module 710, which will be described in further detail with 
reference to FIG. 8 provides the control circuitry for control 
ling which sensors of 14 charging strip modules 740 are 
connected to a microcontroller U103. One embodiment of the 
charging strip module 740 is shown in more detail in FIG. 11. 
A charging module 730 comprises 14 conductive strip mod 
ules 740 and also detects the polarity of the clip. A second 
control module 720 comprises the circuitry to control various 
signals, such as LED lighting, enabling/disabling and observ 
ing the status of each charging strip module 740. 

Referring to FIG. 8, the first control module 710 consists of 
4 microcontrollers labelled U101, U102, U103 and 0104 that 
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6 
provide the Support circuitry for the charging strip modules 
740, an example of which is shown in FIG. 11. The 14-bit 
inputs of sense voltage (CHRG V. SNS) and sense current 
(CHRG I. SNS) are fed into microcontrollers U101 and 
U102 respectively. CHRG V. SNS is a signal from sensing 
module 730 that represents a scaled-down voltage represent 
ing the voltage of a charging strip module 740 and CHR 
G. I. SNS is represents a scaled Voltage that is proportionate 
to the current being delivered to the respective charging strip 
module 740. U101 and U102 Switch the various 
CHRG V. SNS and CHRG I. SNS signals so that only two 
of each of these signals at a time are connected to U103. U103 
is then able to measure the signal that is routed through U101 
and 0102. In this way by switching U101 and U102, U103 is 
able to measure all 14 CHRG V. SNS and CHRG I. SNS 
signals while only requiring the use of 4 measurement inputs 
versus 28. The outputs from U101 and 0102 feed into U103, 
which provides a serial data output (SDA) and a serial clock 
output (SCL). The SDA and SCL outputs are used by U103 to 
control U201 and U202. U103 does control U101 and 0102 
but the outputs it uses for this are MUX EN, MUX CO, 
MUX C1 and MUX C2. In an embodiment, the Inter-Inter 
Circuit (IC) communication scheme is used between the 
microcontrollers. 
A component J101 generates the TD0, TD1, TMS and TCK 

that feed into microcontroller U103. The component 3101 
and the signals attached to it are all used for programming the 
microcontroller U103 by a host computer and can be used in 
Some embodiments for debugging Software that runs on the 
microcontroller U103. 

Referring to FIG. 9, the second control module 720 con 
sists of 2 microcontrollers labelled U201 and U202. U201 
receives the FLAGB input and provides the EN output. U202 
sets the indicator LED and the control line SW. The input and 
output signals connect into the modules described in Diagram 
3. U201 outputs signal INT0 to U103 in module 710 and 
U202 outputs INT1 to U103. The signals INTO and INT1 
allow microcontrollers U201 and U202 to indicate to U103 
that any one of their input or output lines have changed State. 
This allows U103 to remain idle while there is no activity, 
when U201 or U202 indicate that a state change has occurred 
by toggling the INTO or INT1 signal then U103 is able to 
communicate through the SDA and SCL signals to U201 or 
U202 to find out what signals state has changed. 

Referring to FIG. 10, the charging module 730 includes 14 
instances of the conductive strips modules 740. It is to be 
understood that any number of conductive strips are possible. 
In other words, it is not necessary to use all of the pins on the 
microcontrollers and if additional conductive Strips are 
required, more components can be added to the charger. 
The charging module 730 of this embodiment consists of 

14 conductive strip modules 740. Each conductive strip mod 
ule 740 consists of the circuit shown in FIG. 11. The three 
input and output bits of each conductive strip module 740 are 
LED, SW, EN and FLAG, CHRG I. SNS, CHRG V SNS, 
respectively. The LED signal enables or disables an LED light 
indicating the status of a particular charge strip. The SW 
signal switches the polarity of the charge strips. The EN 
signal enables or disables the charge strip. The FLAG signal 
is a signal that each charge strip circuit uses to alert U103 that 
its state has changed. The CHRG I SNS signal is a scaled 
Voltage proportionate to the current flowing through the 
charge strip. The CHRG V. SNS signal is a scaled voltage 
representing the Voltage on the charge strip. 

Referring to FIG. 11, each conductive strip module 740 
consists of two charge strips TP501 and TP502 and two 
microcontrollers, U501 and U502. U501 is a load switch with 
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a variable current limit. In this non-limiting example, the 
current limit is set to 154 mA. This circuit is basically the 
power source behind one charge source or one “charge strip'. 
U502 is a current sense amplifier which measures the cur 

rent flowing through the current sense resistor, R507. 
Also included in the conductive strip module 730 is an 

indicator LEDD501 to alert the user of the status of the charge 
strip. A single LED input bit connects to D501. 
The output supplied by U501 is fed to two single pole 

double throw analog switches, U503 and U504. In U503, the 
output is fed to its normally-closed contact and in U504 to its 
normally-open contact. On both of these analog Switches, 
their other normally-open or normally-closed contact is con 
nected to ground. 
The switches U503 and U504 are connected opposite to 

each other. They are both controlled by the same control line, 
SW. By toggling the control line, the polarity of the charge 
strips, TP501 and TP502, is switched. One of the chargestrips 
is always positive and the other is always ground. 
The various embodiments presented above are merely 

examples and are in no way meant to limit the scope of this 
disclosure. Variations of the innovations described herein will 
be apparent to persons of ordinary skill in the art, such varia 
tions being within the intended scope of the present applica 
tion. In particular, features from one or more of the above 
described embodiments may be selected to create alternative 
embodiments comprised of a Sub-combination of features 
which may not be explicitly described above. In addition, 
features from one or more of the above-described embodi 
ments may be selected and combined to create alternative 
embodiments comprised of a combination of features which 
may not be explicitly described above. Features suitable for 
Such combinations and Sub-combinations would be readily 
apparent to persons skilled in the art upon review of the 
present application as a whole. The Subject matter described 
herein and in the recited claims intends to cover and embrace 
all Suitable changes in technology. 
The invention claimed is: 
1. A charger for charging a battery of an electronic device 

having a charging clip, the charger comprising: 
a direct current source: 
a structure having an edge onto which the charging clip can 
be clipped; and 

a plurality of conductive strips disposed on the structure, 
the conductive strips running perpendicular to the edge 
Sufficiently close to the edge to engage a charging con 
tact on the charging clip when clipped to the structure 
and each conductive strip electrically connectable to the 
direct current source. 

2. The charger of claim 1, wherein each conductive strip is 
connectable to the direct current source through a Switch. 

3. The charger of claim 1, wherein each conductive strip is 
connectable to ground and the direct current source through 
one or more Switches. 

4. The charger of claim 3, further comprising: 
a sensor to detect a polarity of a contact engaged with at 

least one of the conductive strips; and 
a controller to instruct the one or more Switches connected 

to the at least one conductive strips to connect to ground 
if the contact is negative and to the direct current Source 
if the contact is positive. 

5. The charger of claim 1, wherein the structure comprises 
a first side and a second side opposing the first side and each 
of the first side and the second side has an equal number of the 
conductive strips located thereon. 

6. The charger of claim 5, wherein a pair of the conductive 
strips comprises a first conductive strip on the first side and a 
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second conductive strip on the second side directly opposite 
the first conductive strip, and the first conductive strip and the 
second conductive strip are each connected to a Switch Such 
that the first conductive strip is connected to ground whenever 
the second conductive strip is connected to the direct current 
SOUC. 

7. The charger of claim 1, wherein the structure comprises 
a first side and a second side opposing the first side, the first 
side comprising the plurality of conductive strips and the 
second side comprising one or more conductive contacts con 
nectable to ground. 

8. The charger of claim 1, wherein the structure is planar. 
9. The charger of claim 1, further comprising a conductive 

contact connectable to ground positioned to engage a nega 
tive contact on the charging clip. 

10. The charger of claim 1, wherein the conductive strips 
are arranged in parallel physically. 

11. The charger of claim 1, wherein the conductive strips 
are electrically connected to each other in parallel. 

12. The charger of claim 1, further comprising: 
a controller configured to detect a polarity of the charger 

clip when engaged on the edge in contact with at least 
one of the conductive strips and to match the polarity of 
the at least one of the conductive strips to the polarity of 
the charging clip. 

13. The charger of claim 1, further comprising for each 
conductive strip, a corresponding second conductive strip 
configured Such that when one of the two conductive strips is 
connected to ground, the other of the two conductive strips is 
connected to the direct current source. 

14. The charger of claim 1, wherein the direct current 
source comprises an AC/DC (Alternating Current/Direct Cur 
rent) adapter. 

15. A charging system for charging a battery of an elec 
tronic device, the charging system comprising: 

a charging clip attachable to the electronic device and 
including a charging contact on one interior Surface of 
the clip connectable to a charging connection on the 
electronic device; and 

a charger including: 
a direct current source; 
a structure having an edge onto which the charging clip 

can be clipped; and 
a plurality of conductive strips disposed on the structure, 

the conductive strips running perpendicular to the 
edge Sufficiently close to the edge to engage the 
charging contact on the charging clip when clipped to 
the structure and each conductive strip electrically 
connectable to the direct current source. 

16. The charging system of claim 15, wherein the charging 
clip further comprises a negative contact and the charger 
comprises at least one conductive contact connectable to 
ground positioned to engage the negative contact when the 
charging clip is engaged on the edge. 

17. The charging system of claim 15, wherein the charger 
further comprises a controller configured to detect a polarity 
of the charger clip when engaged on the edge in contact with 
at least one of the conductive Strips and to match the polarity 
of the at least one of the conductive strips to the polarity of the 
charging clip. 

18. A method for charging a battery in an electronic device, 
the method comprising: 

detecting that a charging clip is engaged on an edge of a 
structure comprising a plurality of conductive strips run 
ning perpendicular to the edge Sufficiently close to the 
edge to engage a charging contact on the charging clip 
when clipped to the structure; and 



US 8,786.251 B2 
9 

applying a positive charge to any of the conductive strips 
contacted by the charging contact. 

19. The method of claim 18, further comprising detecting 
the polarity of the charging clip and connecting any conduc 
tive strips in contact with a negative contact on the charging 
clip to ground. 

20. The method of claim 18, further comprising detecting 
the polarity of a portion of the charging clip and signalling a 
Switch connected to at least one conductive strip in contact 
with the portion to connect the at least one conductive strip to 
ground or the direct current Source Such that the at least one 
conductive strip matches the polarity of the portion of the 
charging clip. 

10 

10 


